THE outbreak in Glasgow which began in the spring of 1920 is the first considerable invasion of this country by small-pox since the epidemic which prevailed between 1900 and 1905. Indeed, during the intervening years, the whole country has been singularly free from small-pox, in spite of repeated introduction of actual cases at the various seaports. In Scotland between 1905 and 1919 there have been thirty-eight deaths in all, only one of which occurred in Glasgow. The behaviour of small-pox in Scotland and Glasgow during the nineties and subsequently is shown in the following table, which gives the small-pox cases and deaths from year to year, since 1893.2 This table shows that Glasgow in common with Scotland generally has had little small-pox since the epidemic period 1900-04. In no previous period since 1871-74 has the continued absence of small-pox been so notable. Coincident with this diminished prevalence of the disease, a considerable decline in the practice in infant vaccination has taken place, sufficiently pronounced to modify the character of the population exposed to risk. A further modification has been introduced by the presence in the population of the large group of revaccinated ex-service men. Some interest, therefore, attaches to a descriptive account of the first considerable reappearance of small-pox, especially in view of some recent speculations as to its future in this country. It is proposed to give a brief outline of the behaviour of this outbreak in Glasgow, to discuss points of I At a meeting of the Section-, held Janiuary 28, 1921. similarity or otherwise between it and previous invasions, and to deal with some aspects of its administration.
In order to allow time for the preparation of the data cases occurring after the end of November are not included in the tables. The Chart on page 45 shows the numbers sickening daily throughout the period from February onwards. The dates of sickening of the fatal cases are shown, and also the daily admissions to hospitals. The outbreak was at its height during May, June and July, and gradually tailed off during the later months of the year. Its course presented certain unusual features. It never reached epidemic proportions, nor did it show any consistent rise and fall. It progressed rather by a succession of waves with a quite definite suggestion of periodicity (as if always endeavouring to establish itself in epidemic proportions and never quite succeeding), the first two or three of much the same amplitude, and the later ones gradually decreasing in volume. This undulatory progress is well shown in the chart. A feature of the outbreak was the continued occurrence of ambulant " missed" infections, as described later, and it was no doubt the presence of these and others never discovered, which kept the outbreak alive after it became definitely established during April and May.
A study of the charts of seasonal incidence of the previous outbreaks in Glasgow which have reached considerable dimensions, shows that their maximum prevalence occurred during the winter months, December, January, and February, with the summit in January, followed by a decreasing and sometimes irregular incidence during spring and summer, with perhaps, as in 1904, a secondary peak in June. It may also be observed that one year of high prevalence never stood alone, but was always followed by outbreaks in immediately succeeding years. The present outbreak is of a type somewhat similar to the flatter curves of incidence of the years 1893 (extending from October, 1892, to January, 1893) and 1895 (from January to July), but its nearest parallel as regards seasonal incidence was the invasion of 1900, when 397 cases sickened between April 21 and December 29, the maximum prevalence being reached in June and July. This was followed in 1901 by a severe outbreak with 1,389 cases, again succeeded by a recrudescence in 1901-02 with 469 cases.
The course of small-nox in the. city during the past fifty years may be briefly described. Since the large epidemic of 1871 came to an abrupt end in 1874, the death-rate remained very small (nine per million during 1874-79, nine per million during 1880-84, three per million during 1885-89). There were no deaths for five years between 1887 and 1892.
From now on a certain degree of restlessness becomes apparent, and sharp outbreaks occurred in 1893 and 1895 (death-rates thirty-eight and thirty-three per million) which were not confined to Glasgow. In 1894 although only five deaths occurred in Glasgow, there were 129 in Scotland.
In 1897 the rate was eight per million, and in 1900 it was fifty-six per million. There was thus a longer period of quiescence lasting about twenty years, followed by a shorter one of about ten years, during the nineties, when small-pox became more active, culminating in the outburst of 1901-02 and succeeding years. Between then and now there has been a period of roughly fifteen years, with an almost entire absence of small-pox, suggesting an analogy with the experience of the years following 1871-74, when its incidence was uniformly low.
It would, of course, be unwise to attempt to make any prediction especially 
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]:x as regards small-pox, but this description of its behaviour during these fifty years gives point to the suggestion made by Dr. Chalmers, that history is repeating itself, and small-pox renewing its activity as it appeared to do in the nineties, and that we are entering on a period of heightened infectivity to which the present outbreak may be the prelude.
ORIGIN OF THE OUTBREAK.
Among the first cases to occur were two adult patients, who were removed to hospital from the centre of the city on March 2 and 3 respectively. They were the parents of a stewardess, who had arrived home on January 25 from Bombay. The vessel had reached the Thames on January 24, and from it, shortly after its arrival, there had been taken to hospital, .two patients, whose illnesses were subsequently diagnosed to be small-pox. Although this girl did not herself develop small-pox, and showed no trace of having had even a mild attack, she apparently infected her parents, possibly through the medium of some soiled clothing, which, it was ascertained, had been brought from the ship. The mother of the girl contracted a mild attack-the rash appearing twenty-one days after her daughter's arrival home. The father sickened a fortnight later, and on the second day of his illness attended a race meeting in the East end of the city, just outside of the boundary.
About the same time, a second and apparently independent group of cases occurred in a family living in the Eastern district of the city, about one mile from the small-pox hospital. The first patient, a pit engineman, who also carried on a side business as a fruit hawker, sickened on February 25. He was at work up till the actual day on which his raslh appeared, and was so far recovered as to appear in public on the day he was diagnosed and removed to hospital. It will be observed that he was infected at a time when no patients had as yet been admitted to the small-pox hospital. Three members of his family subsequently sickened in the reception-house. All were mild infections.
The succession of cases in the city which followed. these two groups chronologically, and which were largely confined to the East end, could not be directly attributed to either of these sources. The circumstances, however, surrounding the incidence of the two groups described were such as to afford ample opportunity for the spread of infection. About this time also, a third group, the infection of which, like the first, originated abroad, occurred in the S.W. district of the city. A ship's carpenter arrived home on March 13, via Hull, from a ship which had touched at various Mediterranean ports (including Alexandria). Small-pox was known to have occurred on this vessel, a case having been removed at Hull. The patient sickened on the day after arrival, and died the following day after an acute illness of twenty-four hours, in which no rash nor hoemorrhagic symptoms appeared. Four contacts subsequently developed small-pox, and no further cases were traced to this source. In the meantime, in the Eastern district of the city, four sporadic cases, among whom no direct association with the preceding ones, or with a common source, could be traced, sickened between March 18 and 24. After a further interval of a fortnight, the infection-still clinging mainly to the East end-definitely passed among the general population, and began to give rise to a steady stream of cases. The general features of 'the rise and progress of subsequent infections are shown in the chart, and the map shows the final incidence which, had been reached in the different districts of the city by the Section of Epidemiology and State Medicine end of the year. The case-rate per million is shown against each ward of the city, and, for convenience, the map is hatched to indicate the broader distinctions of incidence. The three wards, whose case-rates were over 1,000 per million lie in the Eastern district of the city. In the centre of these wards is situated the small-pox hospital which was used for the treatment of the cases up to July 19. It will also be remembered that it was in this area that the outbreak really began. Up to the first week in May, the major incidence fell in the Eastern area of the city; afterwards, cases occurred sporadically in various districts, though still keeping mainly to the district in which the outbreak began, and from Which it finally vanished by the end of September.
Before discussing the vaccination and mortality statistics, a brief account may be given of such administrative and general features as may seem to be of interest.
ADMINISTRATIVE MEASURES.
(1) Segregation of Contacts.-As a general rule removal of the immediate contacts to one or other of the two reception-houses was rigidly enforced. This is a valuable procedure, as it enables thorough disinfection of the house and the personal clothing of contacts to be carried out, as well as affording the best opportunity for the discovery of modified eruptions. During the height of the outbreak, the pressure on the reception-houses led to some relaxation of this practice. Selected families were allowed to remain at home throughout the quarantine period. In other cases, detention for a restricted period was adopted, the criterion for discharge being satisfactory re-vaccination. In all, thirty-six contacts developed small-pox while under quarantine in the reception-houses.
(2) Notification of Chicken-pox.-The addition of chicken-pox to the list of notifiable diseases is an essential administrative measure during an outbreak of small-pox. Subsequent to the adoption of this measure in Glasgow on May 1, 1920, thirteen cases of small-pox were notified as chicken-pox. Confusion between these diseases is a common cause of cases being missed, as the following examples show. A family of four were all found to be suffering from small-pox, the cause being an unvaccinated child, aged 2, who had sickened a fortnight previously, the case being twice diagnosed as chicken-pox. Two members of a family were infected by one of the children who had been treated for chicken-pox, and who had in turn contracted small-pox from an adult member of the family, this case also diagnosed as chicken-pox. Both these missed cases had very sparse eruptions. Two unvaccinated children (aged 8 and 11), whose illnesses were regarded as chicken-pox, infected other members of their respective families with small-pox before they were detected. Notification of chicken-pox should, of course, be followed by verification of the diagnosis in certain cases. The practice adopted was to verify where the notified case was over 10 years of age, or if under 10 and unvaccinated. In this way, the thirteen cases of small-pox above mentioned were detected. A difficulty arises where chicken-pox is treated at home without medical aid, but notifIcation of school absentees by the Education Authority greatly assists in reducing it.
(3) Missed Infections.-In endeavouring to trace the source of infection in individual cases of small-pox, I have been much struck by the extent to which the continued prevalence of " missed " cases will defeat the best administrative efforts to control the spread of small-pox. Many are discovered in association Macgregor: Small-pox Outbreak in Glasgow, 1920 with declared cases, but there is little doubt that many others elude the most exhaustive inquiry and search, and are never detected. " Missed " cases arise in various ways. The patient may succumb to a very severe infection before the signs are typical enough to suggest small-pox to the mind of the medical attendant. For instance, of the illnesses of patients of the present series who died at home, one was called urtemia; a second, malignant scarlet fever; a third, miliary tuberculosis. In the others, the true diagnosis was suspected and confirmed just before, or just after death. The really important " missed" case, however, from an epidemiological point of view, is that of the patient who has had a trifling illness, a sparse eruption, and is never laid up, or perhaps only remains indoors for a day or two with a " chill," and who is discovered only when contacts develop recognized small-pox. This type of case is common enough in most epidemics, but it has been so much in evidence during this outbreak that it is thought worth while to give some examples, at the risk of repeating what must be familiar to those who have dealt with outbreaks of small-nox.
(i) Fur-stitcher (aged 26), remiiains at work, anid travels daily by car throughout whole period of illness, for over three weeks.
(ii) Housewife (aged 50), able to go about durinig m-lost of illness for five weeks. Visited a coast resort while in crusting stage.
(iii) Two inleniibers of a family (aged 40 and 72) sicken in succession, the one a fortnight after the other. The one is never ill, and is able to go about freely for five weeks; the other, except for a short period, is able to go about for three weeks.
(iv) Housewife (aged 38), a month ill before detected, goes about freely shopping and to religious meetings.
(v) Woman (aged 34), discovered in fifth week of illness. During illness went freely about public-houses, and was arrested by the police.
(vi) Male (aged 60), discovered with fortnight-old rash during night raid oni a m--odel lodging-house. Had continued at work throughout, and bad visited a neighbouring town.
(vii) Woman (aged 40), diagnosed oni sixteenth day of illness, after inoving freely about locality.
(viii) Dressmaker (aged 43), carried on her work as dressm--aker for three weeks after onset of rash.
(ix) Male (aged 40), continued at work throughout illness, detected over four weeks after onset.
(x) Girl (aged 25), was never ill, travelled to two towns lnear Glasgow, and later infected her parents.
The true nature of these cases was not suspected until the patients had given rise to other manifest infections among their immediate contacts, and, but for this, they might have passed undetected altogether. If any explanation of the continued progress of small-pox throughout the city were needed, it is to be found in the existence of cases like those quoted, which are often so mild in character, and whose discovery is so much a matter of accident, that it is difficult to avoid the conclusion that many others are entirely missed, and never come to the knowledge of the Health Department. Aside from this definitely unrecognized and ambulant type there are others whose illness is mistaken for some other affection, and who, while confined to the house for a period, may yet appear in public in an infectious condition. The principal disease with which small-pox is generally confounded is chicken-pox, and the value of making the latter a notifiable disease has been amply demonstrated. Again, quite a few patients were recognized in medical men's consulting rooms, having been able to visit their doctor during the period of improvement in the symptoms which accompany the onset of the rash. The following table has been prepared to show the time elapsing between the date of onset and removal to hospital, in respect of 518 cases admitted to hospital up to the middle of December. Although the great majority of patients were thus promptly diagnosed and removed to hospital, there still remained a considerable number detected late in their illness, belonging to the category of " missed " cases described above. It will be noticed bhat the majority were admitted on the fourth or fifth day of the illness; a few as early as the second day; a considerable number at a time when the pustular stage would be well advanced. Those in whom the disease had been present for over a week before its nature was discovered reach the considerable proportion of 5'6 per cent. of the total cases. This feature of late diagnosis associated with " missed " cases is specially commented upon as characterizing the outbreaks of the years 1892-95, when the proportion of patients who had sickened more than a week before diagnosis was over 8 per cent.1 (4) Vaccination.-When the outbreak threatened to become general, the Corporation decided to meet the cost of providing facilities for the vaccination and revaccination of the whole population, and medical practitioners were invited to vaccinate all comers free of charge. The services of medical men were also enlisted in house-to-house vaccination in the affected areas, in which also a large number of medical students took part. Vaccination centres were opened in various districts of the city. The Education Authority agreed to co-operate, and their medical officers carried out systematic vaccination in the schools in the Eastern districts-an important service, as many school children were thus vaccinated for the first time. The returns up to the end of the year (1920) showed that 225,000 2 persons had been vaccinated in one or other of these ways-not a large number, when the size of the population, 1,115,000, is borne in mind. This number compares unfavourably with the total vaccinated during the epidemic of 1900-01, when 404,000 persons were vaccinated, or revaccinated, out of a population of 675,887. Unlike the last 1 Thomson anid Marsh, " Report oln the Cases admitted to the City of Glasgow Small-pox Hospital, Belvidere, during the Epidemic Outbreak in the Years 1892-95." epidemic, the present outbreak did not reach such serious dimensions as to break through the apathy of a large section of the population. It has been repeatedly shown that very many persons remain indifferent until danger actually threatens -by the presence of the disease in their immediate neighbourhood, or even in their own homes. As soon as the incidence began to diminish the number of vaccinations rapidly fell away, and the continued occurrence of sporadic cases produced little effect. A rough attempt has been made as follows to estimate the proportion of the population who may be regarded as protected by vaccination:
( It would appear that a considerable proportion of the 225,000 persons vaccinated as above represents simply arrears of vaccination of children exempted on account of the relaxation of the conscientious objection clause in the 1907 Act, or otherwise not vaccinated. A scrutiny of the returns from the medical practitioners indicates that about 75 per cent. of the persons vaccinated by them were children under the age of 15. Of these also, a proportion were revaccinations. On the other hand, estimating from the Registrar-General's returns of births and deaths and of vaccinations it has been calculated that the city population at the beginning of 1920 contained at least 127,000 unvaccinated children under 15, so that it may be said .that the vaccinations carried out do not much more than cover the arrears which have accumulated during the past fifteen years. If we put the total number of children vaccinated and revaccinated at 150,000 there is left 75,000 adults over 15 who have been recently protected. To these may be added 100,000 ex-service men, and 124,000 children born and vaccinated within ten years and remaining alive in 1920. The sum of these three groups is 449,000 which is considerably less than one half of the City population.
That this proportion of recently vaccinated persons is insufficient to protect the city against a possible further severe outbreak among the remainder, or inadequately protected portion, of the population is shown by reference to the facts of the last epidemic.' Its main bulk had exhausted itself by July, 1901, when 60 per cent. of the population were known to have been recently revaccinated. A sharp recrudescence of small-pox occurred in November of that year and yielded 469 cases. This was again followed by a further outbreak in 1903-04 when 1,163 cases occurred.
Data bearing on the mortality, age distribution, and vaccination of the cases are given in the following paragraphs; the analysis embraces admissions to hospital from the begibning of the outbreak to the end of November, and includes a few patients sent in from areas just beyond the city boundary (about twenty in number).
During December only fifteen cases were admitted, so that their omission from the tables will not seriously interfere with the accuracy of the statistical results, which may be regarded as reflecting the facts of the outbreak as a whole. Table III (above) the fatality-rate among the vaccinated was 15 per cent., among the unvaccinated 36'5 per cent. and among the group classed as " vaccination doubtful," 42-1 per cent. It has been customary, for the sake of accuracy, to put on one side and class as " doubtful " those patients who cannot show unequivocal evidence of previous vaccination in the shape of a scar or scars, however minute, and who are yet said to have been vaccinated. In the present series, nineteen persons are classified as doubtful, of whom 8, or 42 1 per cent., died, which gives the doubtfully vaccinated a higher casemortality than the unvaccinated. It will be observed, however, that the great majority of those who died were aged over 45 when they would have completely passed beyond the transient protection afforded by an operation so insufficient as to leave no trace. Reference to the table shows that age for age, the& mortality among this group was less than it was among the unvaccinated. Some had no doubt been vaccinated in infancy, and others had probably never been vaccinated. They could not as a group, be justly included among either the vaccinated or unvaccinated, and for the sake of strict veracity are best kept separated from either of these groups. In any case, their number is too small to sway the figures by any considerable fraction, one way or another.
It will also be observed that no vaccinated patient under 15 years of age died and that there were only two deaths among the sixty-one patients between 15 and 20 years of age; over 35 years of age the fatality among the vaccinated class rose appreciably. On the other hand the unvaccinated suffered severely at all ages, especially children in their first year of life, of whom 73'3 per cent. died. The mortality-rate among unvaccinated children under 15 years was 34 per cent.
The table also shows that in the unvaccinated class a much higher proportion were children than was the case among the vaccinated. The following comparison with the experience during 1900-01 indicates that this was an even more decided feature of the 1920 outbreak. Small-pox is thus to a greater degree a disease of childhood than it was during the last epidemic.
The general mortality-rate of 208 per cent. may be compared with that of 13'1 per cent. during the epidemic of 1900-01. The following table gives, for the two periods, the relative rates in relation to vaccination This table at first sight appears to show that the present outbreak as compared with the former has been more severe among the vaccinated and less severe among the unvaccinated. But before so concluding, it is necessary to inquire whether differences in age-distribution as between the two epidemics might not account for this result.
The severity of outbreaks of small-pox is usually gauged by the mortalityrate, which varies in accordance with the vaccinal state and age-distribution of the persons attacked. It would seem advisable, therefore, in comparing one outbreak with another as regards relative severity, to have regard to these factors, and to make the necessary corrections in respect of age-distribution and vaccination. This procedure will be the more essential in contrasting present with past epidemics, especially in view of the altering composition of the population now exposed to risk, due to the presence in it of a relatively high proportion of unvaccinated children. These considerations have been kept in mind in comparing the present outbreak with those of 1900-01 and 1871-72 in Glasgow, and that of 1887-88 in Sheffield. That is to say, the number of deaths which would have occurred at each age-group among vaccinated, unvaccinated and doubtfully vaccinated persons have been calculated for each of these epidemics on the basis of the age and vaccination distribution of the cases in the 1920 Glasgow outbreak, and have been utilized in the calculation of " corrected'" mortality-rates. The general results of this inquiry are as follows:-
Comparison with/ fo-rmer-EpidemiCs8; Actutal and Calculatted Mortality Rlates coupuared. This comparison shows that the 1920 outbreak in Glasgow has been somewhat more severe than those with which it is compared, although not quite Section of Epidemiology and State Medicine 55 to the extent which the actual rates at first sight suggest. The striking difference between the actual and calculated rates for Sheffield is only partially explained by the fact that the disease attacked a smaller proportion of children in Sheffield than it did in Glasgow. (In Sheffield 12 per cent. of the patients were aged under 10 as compared with nearly 18 per cent. in Glasgow.)
The table also shows a tendency for small-pox to be more severe among the vaccinated, while among the unvaccinated the rate is slightly lower than it would have been in 1900-01, otherwise natural small-pox in this as compared with these previous outbreaks has much the same severity. As regards the doubtfully vaccinated class the number of cases are too small for any deduction to be made. In the Sheffield epidemic no similar group appears in the data.
The difference between the total rate for 1920 and the calculated rates for the other epidemics is very uniform, and may be explained by the larger proportion of unvaccinated children attacked in the present outbreak. These data would appear to suggest that the severity of the disease has not altered much, as least as regards the particular years contrasted.
The relaxation of the vaccination laws in 1907 has been largely taken advantage of in Scotland. Since that year the proportion of unvaccinated children has been gradually increasing, resulting in the exposure to infection of the more susceptible younger ages of the population. As might have been expected, and as the event showed, the present invasion of small-pox has tended to fall more heavily than formerly upon the unvaccinated.
The following data show the general trend of the relationship of age to fatality during several epidemic periods in Glasgow.' 
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This table, which shows a distinct tendency for the proportion of deaths at the younger ages to increase, should be read in conjunction with the following one (see Table VIII , p. 56), which sets out the diminishing proportion of primiary vaccinations in Glasgow between 1902 and 1918. In the years prior to 1907 the percentage of successfully vaccinated children remained fairly constant, at an average of about 84 per cent. Since then, the percentage has rapidly decreased, until by 1918 it had reached the low figure of 54'4 per cent., while the proportion of statutory declarations had risen to 26'6 per cent.
SEVERITY OF ATTACK IN RELATION TO VACCINATION.
Tables showing the severity of attack in patients at different age-periods in relation to vaccination have been prepared, based on the hospital classifications which divides the cases into grades of severity in accordance with the abundance and nature of the rash, i.e., whether discrete, abundant, confluent or hemorrhagic. The results are summarized here as follows (see Table IX , p. 56). 
10
Died before vaccination Per cent. 10-6 10-8 11-0 10-0 10-6 10-7 108 10-6 9-8 120 10-4 10-6 12-1 100 9-7 9-7 10-0
Conscientious objection to vaccination Per cent. 02 4-9 9-2 12-6 16-0 11-8 220 24-9 25-1 24-9 26-6 27-3 26-6 Vaccination postponied Per cent. 08 0 7 1-2 1-3 08 1-5 1-7 1-7 1-6 1-5 1-8 1-6 1-8 1-8 2-1 2-2 2-5
Unaccounted for Per eent. This grouping indicates that the character of the eruption is a good index of the severity of the disease, and that the severer types prevail much more frequently among the unvaccinated, than among the vaccinated. While the most severe hemorrhagic type occurred with much the same frequency in both groups, a much larger proportion of the vaccinated contracted the disease in its milder form, and conversely the more severe forms prevailed to a greater extent among the unvaccinated. This difference in severity is strikingly shown when children and adults are compared. 
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In this table the most severe types (the confluent and htemorrhagic) are combined and expressed as a percentage of the total cases admitted to hospital under and over 15 years of age. The result illustrates in a very striking way the behaviour of small-pox in vaccinated and unvaccinated persons. Among children under 15 years of age, of twenty-nine who had been vaccinated, only one had a severe attack and none died; of 107 who had not been vaccinated, forty-five contracted severe attacks and thirty-seven died.
HOSPITAL INFLUENCE.
It has been pointed out that the Eastern district of the City bore the brunt of the outbreak and that the wards which had the highest case-rate throughout the year were the three city wards adjoining the small-pox hospital.
In his report on the epidemic of 1900-02 Dr. Chalmers quotes figures to show that in each year since 1892 when small-pox was present in the city, the proportion of cases contributed by the Eastern district was uniformly in excess of the proportion of the population residing there. A similar aggregation of cases was observed during the early seventies round Parliamentary Road Hospital in the centre of the city. It appears, therefore, that this outbreak repeats the experience of former years and again raises problems concerning the influence of small-pox hospitals which have been, so often discussed.
One or two general observations on the course of the outbreak in the Eastern district of the city may be made. It was among the population in this part of the city that the outbreak commenced. The first case whose source could not be traced occurred at Bridgeton Cross (which is only a mile from the hospital and is a centr'e around and towards which approximately 100,000 of the population may be said to gravitate) and was infected at a time when no patients had as yet been admitted to the hospital. This was the man who, it will be remembered, appeared in public with his rash fully developed.
The next untraced cases were four who became infected approximately between March 6 and 12, when there were in hospital not more than three patients. The residences of these four patients in Tolleross and Parkhead were distant from the hospital between one and one and a half miles. It cannot, therefore, be said that the hospital was responsible for originating the outbreak in its vicinity. The disease spread, however, principally in the East End, and by the middle of April a steady stream of patients was being admitted.
Spot maps have been prepared to show the distribution of cases in the infected area. The progress of the outbreak in time can also be traced from the fortnightly figures of incidence given in Table XI , and also from Chart II, where the events which took place within one and a quarter miles of the hospital are compared with those for the city as a whole. It will be observed that a sharp rise took place in the incidence of cases occurring within the specified distance from the hospital at the end of April and the beginning of May, and that the curve thereafter bore much the same relationship to that for the whole city except in its earlier and more sudden termination. The information afforded by spot maps, as also estimates of incidence in given areas based on them, should not be regarded too closely, as the spots simply indicate addresses from which patients are removed. Were it possible to indicate the actual locus of infection in all cases, spot maps would of course assume quite a different aspect. There was undoubtedly ample opportunity for the spread of infection by direct contact, for there appeared to be a good deal of accidental exposure 57 by infected persons. Reference has already been made to the occurrence of "missed " infections and to the appearance in public of patients after the rash had fully developed. It was in this way that several cases presented themselves as out-patients in doctors' consulting rooms, one or two even making their own way to the hospital gate. Small groups of cases occurred from time to time in connexion with a work or factory, under circumstances suggesting CHART II. Snmallpox, Glasgow, 1920 Section of Epidemiology -and State Medicinie 59 the presence of a missed case or cases. The picture house is a new and probably considerable factor in the spread of infection, and visits to these were the commonest item appearing in the records of patients' movements before sickening. These considerations should be kept in mind in endeavouring to estimate whether the presence of the small-pox hospital in the vicinity was or was not a sufficient cause for the spread of the outbreak in the Eastern district of the city. The following table gives the cases sickening in houses within a radius of one and a quarter miles from the hospital and the total ca7ses in the city, for each fortnight, along with the number of patients in hospital at the end of each fortnight:- In this table data are given on which to compare the behaviour of smallpox within a given distance from the hospital, with its progress throughout the city and with the concentration of cases in the hospital. It will be noted that during the fortnight ending May 8 there was a sudden increase in incidence within the special circle from eleven to seventy-one cases. These seventy-one cases would have become infected during the previous two weeks, at a time when the numbers in hospital varied from eleven to thirty. On the other hand, the next three fortnights show a decided fall in cases from the vicinity of the hospital, while the concentration of patients in the hospital was rapidly increasing, and while the total cases in the city were not showing any tendency to diminution. The events which followed the closure of the hospital in the Eastern district to further admissions on July 19 are interesting. During the fortnight ending August 14 there was a sharp fall in cases from within the special circle. By then the outbreak in the immediate vicinity of the hospital had practically died out, although the hospital still retained considerable numbers of patients, the majority convalescent, but still many in the crusting stage. These considerations do not suggest that the influence of a small-pox hospital pn the surrounding neighbourhood is one of any great magnitude or that it operates to any extent by means of aerial convection from the hospital itself. The outbreak in the vicinity of the hospital rapidly increased to a maximum during the fortnight ending May 8, a sudden drop took place during the next fortnight; for two months its incidence tended to fall slowly,and a second marked drop occurred during the fortnight ended July 31, after which there were only a few sporadic cases. It may be argued that had the course of this group 6f cases depended to any great extent on the influence exerted by the hospital in their midst, some more definite relationship to concentration of cases in hospital would have been manifest in the curve of incidence, especially during May when the infectivity of the disease was apparently at its highest.
Indeed, it appears as if this outbreak proceeded more in accordance with an epidemic law than in obedience to any other extrinsic influence and that its rise and progress near the hospital may have been simply an accident of location.
There remains, however, to be considered the important fact that the closure of the hospital to further admissions on July 19 was succeeded by a drop during the fortnight ending August 14 to five from twenty-nine during the previous period, in the cases admitted from the immediate vicinity of the hospital. In fact this fall practically marked the extinction of the epidemic in the Eastern district of the city. It would not be quite fair to assume that these two facts are directly related, because by that time the close and special attention which the Eastern district of the city received during the vaccination campaign (described in a previous section) would no doubt be having a sensible effect in reducing the proportion of susceptible' persons in the population, as compared with other districts where a house-to-house canvass was not wholly carried out as it was in the East End. A scrutiny of the vaccination returns pertaining to the district in question shows, however, that not more than 30 per cent. of the population were vaccinated or revaccinated during the outbreak, which cannot therefore be said to have ceased for lack of material. There are thus two possible explanations for the final behaviour of small-pox in the East End. It either came to a natural termination or the hospital suddenly ceased to create foci of infection. Which of these may have been the determining factor or whether both operated in different degree it is impossible to say.
The continuance of the outbreak in other districts of the city after it had greatly diminished and finally ceased altogether in the Eastern district, following upon the closure of one hospital and the opening of another, certainly suggests that a small-pox hospital may play some part in fostering a prevalence in its neighbourhood, but if this be so, by what precise means and to what extent is not clear. It has been suggested that the influence of a small-pox hospital may be in some measure related to its activity in regard to the admission of cases. The data given above have tended to negative any gross relationship between the course of the outbreak near the hospital and the massing of cases in it, and the same criticism would apply to the theory of admission traffic, as having any marked effect in determining the aggregation of cases in the vicinity.
Further, if traffic has any share in the matter, it would appear that the carriage of infected patients and the transport of infected clothing do not involve similar risks, as, while patients ceased to be admitted to Belvidere after July 19, no change was made in the destination of infected clothing, which is still conveyed to the wash-house there for disinfection.
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In conclusion, the evidence disclosed by the facts of this outbreak does not enable the factors influencing its course to be clearly differentiated and the question is still left indeterminate. It may be that the influence of the hospital in this case was entirely negative. On the other hand there is some evidence that the termination of the outbreak round the hospital may have had some relation to the sudden cessation of admissions.
Cases occurring after July 19 were sent to the Small-pox Hospital at Robroyston, which is well isolated and situated fully three miles from any large group of the city population. No further outbreak of the disease has occurred of sufficient magnitude to test the effect of this new policy on the incidence of the disease in the city, but should small-pox recur in future years an excellent experimental test will be able to be made in comparing the new conditions with the old.
SUMMARY.
(1) Viewed historically, the present outbreak in Glasgow belongs rather to an inter-epidemic than to an epidemic period. Its progress has had distinct similarities to the outbreaks of small-pox in the nineties, with their flat curves of incidence, irregular wavelike progression, and comparatively low infectivity. The undulatory character of the wave of incidence has been a very striking and peculiar feature of this invasion.
(2) The general mortality-rate of 20'8 per cent. indicates a severity which characterizes the Eastern more than the Western type of the disease.
(3) Compared with the epidemics of the last fifty years, childrenl contributed a higher proportion of the cases dnd of the deaths. The percentage of deaths under the age of 10 to total deaths has risen from 16'4 per cent. in 1900-01 to 28'3 during the present outbreak. This, as might have been expected, is a direct result of the decline which has taken place in the practice of infant vaccination since 1907.
(4) The behaviour of small-pox among those who had been vaccinated in infancy and those who had not may be expressed as follows: The unvaccinated had a death-rate of 36'5 per cent., as against 15 per cent. among the vaccinated. Among children under 15 years of age, of twentynine who had been vaccinated in infancy, only one had a severe attack, and none died; of 107 who had not been vaccinated, forty-five contracted severe small-pox and thirty-seven died.
(5) In comparing the severity of one outbreak with another it will be necessary to take into account the alteration in age-incidence which is taking place and make corrections accordingly.
(6) The distribution of the cases in the Eastern district of the city again raises the question of the influence of a small-pox hospital in causing an aggregation of cases in its vicinity. The facts of the present experience of small-pox do not demonstrate to what extent the hospital influenced the incidence round it, nor do they clearly indicate by what means infection may have been conveyed to the surrounding neighbourhood. The problem is still left undetermined.
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Macgregor: Small-pox Outbreak in Gla8gow, 1920 DISCUSSION. Dr. R. J. REECE said that the stewardess who was associated with one of the first foci of infection in Glasgow landed at Tilbury on January 24, 1920, from a vessel that had arrived from Bombay and that she proceeded to Glasgow the same day. On that day another stewardess from this vessel was admitted to the Orsett Infirmary as a case of influenza, and on January 26 she was found to be suffering from small-pox and removed to the small-pox hospital. The infection of the disease was probably acquired at Suez or Port Said. In the case of the ship's carpenter, who developed small-pox in Glasgow, he arrived on board a vessel in the Port Sanitary District of London on February 28. This vessel left Alexandria on February 12, and on February 23 a fireman developed the rash of small-pox. The vessel went on from London to Hull, where the crew were paid off, when the carpenter, who had declined vaccination, proceeded to his home in Glasgow. Dr. Reece also said that the fact that the first cases of small-pox occurred in the neighbourhood of the Belvidere Hospital could not be considered as excluding any hospital influence subsequent to the time when the first acute cases of the disease were admitted to this hospital. In this connexion it would be useful to know in how many cases the source of infection of persons living within a quarter and half a mile radius of the hospital had been traced, and whether there was any graduation of intensity of invaded houses from the hospital taken as a centre. It was probable that it would not be possible to determine whether the removal of the cases to the small-pox hospital outside the city or the waning of the epidemic prevalence was responsible for the fall in the notification of cases of small-pox in the neighbourhood of the hospital. Still, in view of previous occurrences elsewhere, the disuse of the Belvidere Hospital in this instance could not be disregarded as having influenced the result observed. It would be of interest to know whether any cases of small-pox had occurred among the "fever " patients under treatment, and whether "fever " patients, discharged from hospital as convalescent, had deyeloped small-pox after return to their homes, and if the administration of the small-pox side of the hospital had been completely separate from the " fever" side. The fatality-rate observed was high, but it must be remembered that the infection was originally introduced from the East. In a recent outbreak of small-po'X in South Lancashire some eighty cases, all mild in character, had occurred; none of the patients had died. The outbreak originated in mills receiving cotton from America, and the circumstances were consistent with infection having been introduced by means of the cotton.
Dr. G. S. BUCHANAN said that from a practical point of view it was important to note the value of imnposing compulsory notification of chicken-pox during this outbreak in Glasgow. It was not always evident that chicken-pox notification was useful, but if in this case a number of small-pox cases were detected as a result of notificationcases which would not otherwise have been ascertained by the doctor asking the Medical Officer of Health to help to clear up a doubtful diagnosis-the measure was fulfy justified. The vaccination figures in the main corresponded with general experience. While showing the usual contrast in severity between vaccinated and unvaccinated, however, they also pointed to a less degree of protection at the younger ages 'than was generally found in the vaccinated class. Was this to be correlated with the very high figure of " insusceptibles " in the official returns? Much certifying of insusceptibility carried with it much ineffective vaccination of those certified as successfully vaccinated. The influence of the hospital in spreading the epidemic in this case seemed difficult to determine. Evidently the fact that the very first cases appeared in houses near to the hospital could explain a part of the subsequent concentration of cases in its neighbourhood without making it necessary to consider "hospital influence." Again, though the drop in the cases occurring near the hospital, which began as soon as smallpox cases ceased to be admitted there, was suggestive, the time of year was one in which one would expect small-pox in any event to be falling. But when all this was allowed for, there seemed to be no reason to exclude " hospital influence " as one of the operating causes. It was a familiar occurrence when small-pox cases were admitted to hospitals in populous neighbourhoods; and if it had occurred in this instance it would Section of Epidemiology and State Medicine 63 be only a repetitioni of what had happened near ml-any other sml-all-pox hospitals, including the London Smilall-pox Hospital Ships in Long Reach, the influence of which in spreading sinall-pox on the Essex shore of the Tham-les estuary-in areas coimpletely cut off froml coniiuiinication with the hospital ships-was fully described to the Epideiiniological Society, and discussed, in 1904-5.1 The removal of all smiall-pox cases out of Glasgow altogether was obv-iously the right course.
Dr. S. MONCKTON COPEMIAN, F.R.S., said that he would be glad of informlation as to the nuniber, if any, of the recenltly vaccinated cases who had contracted small-pox; and especially as to whether any patients in this category had died of the disease.
The President lhad informed himi privately, that a nuiimber of the v-accinations, carried out during the progress of the outbreak, had resulted in a septic condition of the arms, accompanied by a fairly high temperature; a fact not improbably due, in part, at any rate, to the higlh bacterial content of much of the trade lyymph emnployed, as proved by laboratory tests of certain samiiples. The terli " glycerinated lyinph " originally devised as descriptive of smiiall-pox v-accine prepared in accordance with the method, introduced by hilmself, for the bacteriological purification of vaccine lymph, had unfortunately been adopted by mnaniufacturers of this product, who apparently took no precautions to determine whether the miaterial they supplied was properly so described. He gathered, indeed, that niiuch of the vaccine lylm-ph purchased and used during the outbreak in Glasgow had turnied out to have been of foreign origin, with regard to which no inforination was obtainable as to its having been submitted to tests in respect of potency or of freedomii frolmi " extraneous " nilicro-organisms.
Dr. A. F. CAMERON said that he was particularly interested in the remark made on the influence of the v-accinationi carried out during the war on the incidence of the disease because he was inclined to think that the comparative immunity from the disease which London had so fortunately experienced, during the last few years, had to a considerable degree depended on this factor. War v-accination affected the adult inale section of the population. It was reasonable to suggest that this section contributed iilost to the spread of the disease because it had a mluch wider range of miiovement than the other sections of the population. Reference had been mllade to the high fatality of the outbreak in Glasgow and it had been suggested that this feature might be associated with the source of the infection. He was not inclined to attach ilmuch iilmportance to the suggestion. During the year just ended the case mortality in the MAetropolitan SmIlall-pox Hospital had been 14 per cent. notwithstanding the fact that the majority of the cases were drawn from districts east of London where difficulty was experienced omi account of the large proportion of immild and anlolmialous eruptions iimet with, a condition generally assumed to be a characteristic of the Amnerican type of the infection. At the samne time it should be noted that the 14 per cent. fatality was calculated on a total of fifty cases treated. Being in charge of a small-pox hospital, he was naturally niost paiticularly concerned in the question of hospital influence. For one in his position it was impossible not to regret the apparent decline in the importance assigned to the direction of the wind and atm-lospheric conditions generally as factors in the spread of the disease from the hospital, because the inevitable result was that greater attentionl would come to be directed towards defects in the administration of the hospital, of which instances of leakage of infection would be regarded as evidence. But even direct leakage of infection was very difficult to prevent. The pre.ventive regulations iiiade by the Metropolitan Asylums Board were very strict and rigld. All staff, with the exception of the medical officer, were required to remain in the hospital for a period not exceeding three months. An incident which had occurred a few years ago illustrated the difficulty. While the hospital was occupied a child in the neighbouring town got small-pox. It was the only case in the vicinity. The child had the same nanie as a stoker em-lployed in the siiuall-pox hospital who denied all knowledge of the existence of any relatives in the town. It was proved that the child, with companions, bad been on the river bank just outside the hospital fence about the date of infection, and later, that the father of the patient and the stolker were related, Tr-ans. Epid. Soc. Lowd., 1904-5, as., xxiv, pp. 143-258. MY-5 and probably brothers. But the actual means of transmission of the infection was never discovered. In view of this and many similar experiences of the difficulties encountered in trying to prevent the leakage of infection from the hospital under very strict conditions such as he had described, he was very interested to hear that smallpox cases were treated in Glasgow in close proximity to cases of other fevers in the hospital, and it would be interesting to know what precautions were taken in regard generally to the administration of the small-pox section of the hospital, and in regard particularly to the movements of the staff employed in that section..
